C ardiovascular disease, including coronary heart disease, is the leading cause of death both in men and in women in the United States. The purpose of this review is to describe the effectiveness of lipid-lowering therapy in reducing cardiovascular morbidity and mortality, which has recently been extended to patients with mild to moderate hypercholesterolemia, and the cost of providing therapy, which would be prohibitive if all persons with hypercholesterolemia received treatment. Cost-effectiveness analysis provides a rational means of allocating limited health care resources by allowing the comparison of the costs of lipidlowering therapy, in particular, therapy with ␤-hydroxy-␤-methylglutaryl-CoA (coenzyme A) reductase inhibitors (statins), with the costs of atherosclerosis that could be prevented by lowering cholesterol. To extend the benefits of treatment to the large number of persons not receiving therapy, we need to implement more cost-effective treatment by improving risk assessment, increasing treatment effectiveness, and reducing the cost of therapy.
Arch Intern Med. 1998; 158:1977 -1989 Cardiovascular disease is the leading cause of mortality in the United States, accounting for more deaths than the next 7 leading causes of death combined. 1 It is also the largest source of health care spending. 2, 3 The ␤-hydroxy-␤-methylglutarylCoA (coenzyme A) reductase inhibitors (also known as statins) represent a major breakthrough in the prevention of cardiovascular disease through lipid lowering. Despite the proven benefits of statin therapy, if all patients who have high cholesterol were treated with these agentsapproximately 12.7 million American adults, as estimated in the most recent National Health and Nutrition Examination Survey (NHANES III) 4 -the national cost borne by private health plans, Medicare, and Medicaid would amount to billions of dollars. 5 The real challenge for policymakers, health plan administrators, and health care providers is to determine how to provide the benefits of statin therapy to the greatest number of patients without exploding health care expenditures.
Cost-effectiveness analysis provides a method for addressing this challenge by comparing the costs of treatment with associated patient outcomes. In this Review Article, we use cost-effectiveness methods to compare the clinical promise of lipid-lowering therapy, and the statins in particular, with the economic implications of treatment, in particular, the costs of atherosclerosis that are prevented by cholesterol reduction. First, we discuss the costs associated with coronary and carotid atherosclerosis and review data on the efficacy of lipid-lowering therapies. We then review clinical trial evidence that different statins have similar beneficial effects of slowing the progression of coronary and carotid disease and decreasing coronary events and stroke, consistent with a class effect. Finally, we present evidence on the cost-effectiveness of various cholesterol-lowering therapies and provide suggestions for how to maximize cost-effectiveness.
COST OF ATHEROSCLEROSIS
Most published research on the cost andcost-effectivenessoflipid-lowering therapyfocusesonthecostsassociated with coronary heart disease (CHD) that are avoided by reducing cholesterol levels. Many studies assume a societal perspective, including all outcomes and costs that are related to the disease, regardless of who bears them. Costs include medical resources (such as medications and hospital services) as well as lost productivity of patients (referred to as indirect costs) and, in some cases, their caregivers.
About one half of the mortality and one third of the economic cost associated with cardiovascular disease is due to CHD, which is the leading cause of death both in men and in women in the United States. 1 In 1998, approximately 1.1 million Americans will have a myocardial infarction (MI); one third of them will die, and two thirds of those who survive will be left with some extent of permanent disability. 1 According to projections made by the American Heart Association, the direct costs of CHD, including expenditures for hospitals, nursing homes, physicians and other health care professionals, drugs, home health, and other medical durables, amount to an estimated $51.1 billion, and indirect costs owing to lost productivity increase the total cost of CHD to $95.6 billion. 1 The clinical consequences of CHD have large cost effects. Wittels et al 6 used a decision model to evaluate the cost of the 5 primary events related to CHD that were identified in the Framingham Heart Study. Patients were tracked for 5 years after diagnosis or until death. The estimated 5-year costs (in 1986 US dollars) of the events were $51 211 for acute MI, $24 980 for angina pectoris, $40 581 for unstable angina pectoris, $9078 for sudden death, and $19 697 for nonsudden death.
The use of revascularization procedures to treat CHD has increased dramatically during the last 15 years. The American Heart Association estimates that approximately 573 000 coronary artery bypass grafting (CABG) procedures and 419 000 percutaneous transluminal coronary angioplasty procedures were performed in 1995, at an average cost of $44 820 and $20 370, respectively. Atherosclerosis also can lead to stroke, which accounts for about 158 000 deaths in the United States each year and is the third leading cause of death after heart disease and cancer. 1 Each year, approximately 600 000 Americans have a stroke, and more than 70% of those who survive have impaired ability to work at an average of 7 years after the event.
1 Stroke is the No. 1 cause of serious disability in the United States. 1 Annual expenditures for stroke have been estimated to be $17 to 28 billion for direct costs and $13 to 15 billion for indirect costs. 1, 7 One study estimated that in 1992, mean hospital costs for patients who have had a stroke ranged from $4600 to $21 500 (depending on the cerebrovascular subgroup: subarachnoid hemorrhage, intracerebral hemorrhage, ischemic cerebral infarction, transient ischemic attack), 8 and another estimated the lifetime cost of stroke per person to be $103 500, including direct and indirect costs. 9 Clearly, the clinical sequelae of atherosclerosis, as well as the procedures used to treat them, are costly. However, based on the established relation between low-density lipoprotein cholesterol (LDL-C) levels and CHD, which has been well documented in numerous observational epidemiological studies and clinical trials of lipid-lowering therapy, cholesterol-lowering therapy has been proved to reduce coronary mortality and morbidity, although the relation between cholesterol level and stroke is less clear. The development of the statins, which are powerful lipid-regulating agents, has made possible substantial reductions in total cholesterol and LDL-C levels, as well as improvements in highdensity lipoprotein cholesterol (HDL-C) and triglyceride levels.
EFFECTIVENESS OF STATIN THERAPY: CLINICAL TRIAL EVIDENCE
Before the availability of statin therapy, agents used to lower cholesterol were plagued by poor compliance of patients to the medication regimen and low efficacy, and early trials of lipid-lowering therapy did not provide conclusive evidence of a benefit on total mortality, although a meta-analysis of earlier trials showed a significant 13% reduction in CHD mortality (PϽ.002) and a significant 10% reduction in total mortality (PϽ.03) for each 10% reduction in the cholesterol level. 10 With the advent of the statins, greater reductions in LDL-C were achieved as a result of greater efficacy and improved tolerability.
Mechanism of Action and Effects on Lipids
All statins have the same mechanism of action: the inhibition of ␤-hydroxy-␤-methylglutaryl-CoA reductase, the rate-limiting enzyme of cholesterol biosynthesis. The major effect, therefore, is a reduction in the level of LDL-C, caused by enhanced clearance of low-density lipoprotein particles owing to an increased number of low-density lipoprotein receptors in the liver. In addition, there is a modest effect on the triglyceride level, which is primarily due to increased removal of very-low-density lipoprotein and intermediatedensity lipoprotein particles.
In general, statin therapy at routine dosages decreases LDL-C levels by 20% to 46% ( Table 1) . The level of HDL-C is typically increased by 5% to 10%, and at commonly used dosages, the triglyceride level is modestly reduced by 10% to 20%, although high-dosage atorvastatin calcium 23 and simvastatin 24 have been reported to reduce the triglyceride level by 46% and 33%, respectively, in patients with elevated triglyceride levels at baseline.
Effects on Progression of Coronary and Carotid Disease
During the last several years, a large number of angiographic and ultrasonographic studies have provided evidence that statins produce beneficial effects on the progression of atherosclerotic disease. Angiographic trials of statin therapy have consistently demonstrated substantial reductions in LDL-C levels, reduced progression and even induced regression of CHD, and reduced development of new CHD lesions ( Table 2) . In most of these trials, which ranged in duration from 2 to 4 years, the minimum lumen diameter was reduced by 0.01 to 0.03 mm per year with treatment, and the development of new CHD lesions was reduced by 40% to 50% with treatment. Ultrasound trials have demonstrated a similar benefit on carotid artery disease (Table 3) .
Despite the range of mean baseline LDL-C levels in the angiographic statin trials and the different statins used (lovastatin, simvastatin, pravastatinsodium,andfluvastatinsodium), the effect of statin therapy on minimum lumen diameter is remarkably consistent (Figure 1) , indicating a class effect. The treatment effect calculated by the difference between the change in minimum lumen diameter with a statin and the change in minimum lumen diameter with placebo was 0.03 to 0.08 mm; in most trials, the difference in the minimum lumen diameter change between statin and placebo was 0.06 to 0.08 mm.
A similar benefit on carotid atherosclerosis has been demonstrated in ultrasoundtrialsofstatintherapy (Table  3) .Intrialsoflovastatinandpravastatin, comparison of the change in intimamedia thickness between treatment groups showed less progression and even regression of carotid atherosclerotic lesions with treatment.
Effects on Coronary Events and Total Mortality
The effect of statins on coronary disease also has been evaluated in trials with clinical events as the primary end point, providing direct information about the effect of treatment on morbidity and mortality due to CHD. Five major clinical event trials, which enrolled a total of 30 817 patients, studied the benefits and risks of 3 different statins (simvastatin, pravastatin, and lovastatin) in a broad range of patients ( Table 4) . Primary and secondary prevention in patients with high levels of LDL-C were studied in the West of Scotland Coronary Prevention Study (WOSCOPS) 15 and the Scandinavian Simvastatin Survival Study (4S), 38 respectively, whereas patients with mild to moderate elevations in LDL-C levels were studied in the primary-prevention Air Force/Texas Coronary Atherosclerosis Prevention Study (AFCAPS/TexCAPS), 37 and the secondary-prevention Cholesterol and Recurrent Events trial (CARE) 14 and Long-term Intervention with Pravastatin in Ischaemic Disease study (LIPID). 39 All these Defined in LCAS as lesions with reference lumen diameter minus MLD less than 0.8 mm at baseline and 0.8 mm or more at follow-up and an increase of 0.4 mm or more in lesion size; in PLAC I as a segment with less than 16% stenosis at baseline that increased by 16% stenosis or more at follow-up; and in MAAS as a segment with 20% or less diameter stenosis at baseline, 20% or more diameter stenosis at follow-up, and an increase of 15% or more in diameter stenosis between baseline and follow-up. studies showed a consistent benefit on relative risk reduction, which ranged from 23% to 36%, without an increase in noncardiovascular deaths. Furthermore, there were no increases in cancers, and the incidence of elevated transaminases greater than 3 times normal and myopathy with statins was similar to the incidence with placebo. The absolute risk reductions varied widely, from 1.8% to 8.5%, because of the marked difference in the cardiovascular event rates in the placebo group. The lowest event rate in patients receiving placebo was observed in patients without CHD and with a mean baseline LDL-C level of 3.89 mmol/L (150 mg/dL) (in AFCAPS/TexCAPS), whereas the highest event rate was in patients with a mean LDL-C level of 4.87 mmol/L (188 mg/dL) and documented CHD (in 4S).
The recently reported AFCAPS/ TexCAPS 37 highlights the need to study both the relative and absolute risk reduction provided by therapy. This trial included men and women without evidence of CHD or other vascular disease and with relatively low levels of HDL-C, average levels of LDL-C, and a total cholesterol-HDL-C ratio of more than 5. A large number of patients in this trial had borderline-high LDL-C levels that would not require drug therapy by the present US National Cholesterol Education Program (NCEP) guidelines. 40 Although the study showed an impressive relative risk reduction of 36% for the first acute major coronary event (unstable angina, fatal or nonfatal MI, or sudden cardiac death), 50 patients in this population would need to be treated for 5 years to prevent 1 event.
Thus, lipid-lowering therapy with statins has been shown to provide benefit on CHD progression and events in patients across the full range of LDL-C elevations. In the 2 most recent studies, AFCAPS/ TexCAPS and LIPID, conducted in patients with mild to moderate hypercholesterolemia, the LDL-C level was reduced by a modest 25% with statin therapy; however, both trials reported substantial clinical benefit. In certain populations, as in LIPID, marked benefit can result from modest lowering of the LDL-C level, even if the treatment goal is not achieved.
Evidence to Support Guidelines for Treatment
In the NCEP guidelines, 40 the need for treatment is determined by the LDL-C level, and the goal of treatment is to reduce the LDL-C level to a recommended target, regardless of the percentage of reduction required. In patients with CHD, the guidelines recommend that the level of LDL-C be reduced to 2.59 mmol/L (100 mg/dL) or less.
In support of the NCEP's recommendation to treat to a target LDL-C level, an analysis of 3 trials of statin therapy that enrolled patients with CHD-4S, CARE, and the Post Coronary Artery Bypass Graft Trial- 26 and the Monitored Atherosclerosis Regression Study (MARS) 25 ; lovastatin and colestipol hydrochloride in the Familial Atherosclerosis Treatment Study (FATS) 28 ; simvastatin in the Multicentre Anti-Atheroma Study (MAAS) 29 ; pravastatin sodium in the Pravastatin Limitation of Atherosclerosis in the Coronary Arteries (PLAC I) 30 and Regression Growth Evaluation Statin Study (REGRESS) 16 ; pravastatin with or without niacin, cholestyramine resin, and/or gemfibrozil in the Harvard Atherosclerosis Reversibility Project (HARP) 31 ; and fluvastatin sodium with or without cholestyramine (subgroups indicated by open circles) in the Lipoprotein and Coronary Atherosclerosis Study (LCAS). 32 Adapted with permission from Herd et al. 32 Copyright 1997, Excerpta Medica Inc. showed that the cardiovascular event rate was directly related to the total cholesterol level achieved during the trial. 41 These data, which were obtained from trials of 3 different statins (simvastatin, pravastatin, and lovastatin), show that different agents in this class have similar benefits in relation to the cholesterol level achieved and support the hypothesis that the cholesterol level achieved, not the percentage of reduction in the cholesterol level, correlates best with event reduction.
Evidence for the appropriate target LDL-C level in patients with CHD was provided by the Post Coronary Artery Bypass Graft Trial, which was conducted in patients who had undergone bypass surgery. 27 The LDL-C level was reduced to approximately 2. Inherent in the NCEP guidelines, which do not recommend treating all patients aggressively, is an assumption that there may be less additional benefit of treatment at lower levels of LDL-C. In 316 099 men screened for the Multiple Risk Factor Intervention Trial, followed up for an average of 12 years, the relation between the serum cholesterol level and CHD death was found to be curvilinear, with a steeper slope in the relation between the cholesterol level and CHD mortality at higher cholesterol levels than at lower cholesterol levels. 42 A 20% difference in the cholesterol level, from 7.76 mmol/L (300 mg/dL) to 6.21 mmol/L (240 mg/dL), decreased the age-adjusted CHD death rate per 10 000 person-years from approximately 35 to 21 deaths per 10 000 person-years, ie, an absolute change in the event rate of approximately 14 per 10 000. In contrast, a 20% decrease in the cholesterol level from 4.65 mmol/L (180 mg/dL) to 3.72 mmol/L (144 mg/dL) decreased the age-adjusted CHD death rate from approximately 11 to 7 deaths per 10 000 person-years, ie, an absolute risk difference of 4 per 10 000. Therefore, the Multiple Risk Factor Intervention Trial screenee data suggest that there is less incremental risk at lower cholesterol levels.
In a subset analysis in CARE, 14 there seemed to be a lower threshold of LDL-C below which a reduction in the LDL-C level yielded less additional benefit. The greatest benefit was seen in CARE patients with baseline LDL-C levels of more than 3.88 mmol/L (150 mg/dL), in whom the risk for fatal CHD, nonfatal MI, CABG, or percutaneous transluminal coronary angioplasty was significantly (P = .008) reduced by 35%; in patients with baseline LDL-C levels of 3.23 to 3.88 mmol/L (125-150 mg/dL), the risk for these clinical events was significantly (PϽ.001) reduced by 26%. However, among patients with baseline LDL-C levels of less than 3.23 mmol/L (125 mg/ dL), there was no statistically significant (P = .85) difference in event incidence between treatment groups. The CARE investigators speculated 39 †By number of events. ‡In patients actually treated; LDL-C reduction was 17% in all patients randomized to pravastatin. §At 1 year. By number of patients. ¶Reduction from baseline; 28% reduction compared with placebo. #Percentage average difference between pravastatin and placebo. from this post hoc analysis that 3.23 mmol/L (125 mg/dL) may represent a lower threshold of the LDL-C level forwhichtheinitiationofdrugtherapy influences CHD events. Although recent post hoc analyses from CARE, 43 WOSCOPS, 44 and 4S 45 have raised questions as to whether additional LDL-C lowering produces additional benefits on CHD events, the relation between event reduction and either LDL-C level achieved or percent LDL-C reduction remains unclear. 46 Further analyses from the other large trials that enrolled patients with mild to moderate LDL-C elevations, such as LIPID and AFCAPS, may provide additional information on this question of lower threshold for benefit.
Effects on Stroke
In addition to coronary benefits, the benefit of statin therapy on stroke prevention has been studied in 2 recent meta-analyses. These analyses used different criteria for inclusion of trials and therefore included many but not all of the same trials, yet they both demonstrated similar statistically significant reductions in stroke incidence when patients received statin therapy. In 1 meta-analysis, which included 12 trials, the incidence of stroke was significantly reduced by 27% in all trials analyzed (P = .001) and by 32% in trials conducted in patients with known CHD (P = .001); a 15% reduction in stroke was found in patients without CHD, but this difference was not statistically significant (P = .48). 47 In the other metaanalysis, which included 16 trials, the incidence of stroke was significantly reduced by 29% in all trials (relative risk, 0.71; 95% confidence interval, 0.59-0.86) and by 32% in trials conducted in patients with known CHD (relative risk, 0.68; 95% confidence interval, 0.55-0.85); a 20% reduction in stroke in patients without CHD was not statistically significant (relative risk, 0.80; 95% confidence interval, 0.54-1.16).
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COST OF PREVENTION: COST-EFFECTIVENESS OF CHOLESTEROL LOWERING
Although the benefit of cholesterollowering therapy on coronary and carotid disease is substantiated by abundant clinical trial evidence, the cost of treating all patients at risk would be prohibitive. Cost-effectiveness analysis, which compares the differential costs and outcomes of health care interventions, can be used to compare the overall effect of individual treatments for hypercholesterolemia. Cost-effectiveness methods are intended to improve clinical decision making and resource allocation by providing information about the value of alternative treatments. 49, 50 Cost-effectiveness ratios are always incremental because they measure the difference in costs between 2 interventions (a and b), divided by the difference in effectiveness:
Cost-effectivenessratiosoftenare expressed in terms of cost per year of lifesaved(YOLS)orincostperqualityadjusted YOLS. As such, the ratio indicates how much it costs to gain an additional year of life with one intervention compared with another. Societyanditsdecisionmakersdetermine what is a tolerable cost for a year of life by allocating resources to some interventions and not to others. For example,CABG(withcostperYOLSgenerally Ͻ$30 000) is covered by most health plans, while heart transplantation for patients older than 50 years with terminal heart disease (cost per YOLS, $100 000) is not. Implicitly, a plan that covers CABG but not heart transplantation considers $30 000 a reasonablepricetopayforayearoflife, butconsiders$100 000toohigh.While there is no consensus on the value of human life, some researchers have arguedthattreatmentsthatcostlessthan $40 000 per YOLS, roughly the cost of renal dialysis, are cost-effective, while those costing more than $75 000 per YOLS are expensive. 51, 52 Analyses of the cost-effectiveness of lipid-lowering therapy have generally used models that compare costs and effectiveness of a particular intervention (eg, drug) with no intervention; most of these studies do not include the benefit of reducing the incidence of stroke. These analyses have shown that the costeffectiveness of lipid-lowering therapy varies widely by age and other risk factors for CHD, as well as by treatment.
The statins have been shown to be cost-effective for secondary prevention of CHD, particularly for patients who have multiple risk factors. A model by Goldman and colleagues 53 found that low-dosage lovastatin was highly cost-effective (Ͻ$20 000 per YOLS, 1989 dollars) for secondary prevention for men and women of all ages with pretreatment cholesterol levels more than 6.46 mmol/L (250 mg/dL), but in patients with CHD and pretreatment cholesterol levels less than 6.46 mmol/L (250 mg/dL), lovastatin was cost-effective for men of all ages ($16 000-$38 000 per YOLS) but only for women older than 55 years (up to $36 000 per YOLS). Ashraf et al 54 estimated the cost-effectiveness of pravastatin in secondary prevention based on the pooled results of the Pravastatin Limitation of Atherosclerosis in the Coronary Arteries and Pravastatin, Lipids, and Atherosclerosis in the Carotid Arteries trials. The model, which was limited to men, was based on differences in clinical outcomes (nonfatal MIs) observed between the pravastatin and placebo groups during the 3-year studies. Framingham Heart Study data were used to project the risk of mortality and long-term morbidity 10 years after an MI. The authors found that pravastatin cost less than $13 000 per YOLS (1995 dollars) for all men with at least 1 risk factor.
The conclusions on the costeffectiveness of secondary prevention reached by these models were borne out in an analysis of data collected in 4S. Hospital admissions data were collected prospectively to estimate the effect of simvastatin on hospitalizations for acute cardiovascular events and for coronary revascularization procedures during the median 5.4-year follow-up period. 55 The study showed that, compared with placebo, a combination of fewer hospitalizations and shorter hospital stays resulted in a 34% reduction (PϽ.001) in the number of hospital days in the simvastatin group. When using US unit costs, this decrease translated into a reduction in hospitalization costs amounting to $3872 per patient, which lowered the effective cost of simvastatin therapy by 88% but did not result in overall cost savings when compared with the cost of simvastatin therapy during the 5.4-year period (estimated to be $4400 per patient). In another analysis of 4S data, in which cost-effectiveness of simvastatin was estimated according to age, sex, and the baseline cholesterol level, the cost of simvastatin therapy per YOLS ranged from $13 800 to $27 400, depending on age, sex, and baseline total cholesterol level, when only direct medical costs were considered (1995 dollars). 56 When the indirect costs of work loss resulting from morbidity were added to the model, the cost of simvastatin ranged from savings for 35-year-old men and women to a cost per YOLS of $13 300 in a 70-year-old woman.
The cost-effectiveness of the statins is even more dependent on the patient population in the primary prevention of CHD. Goldman et al 51 reported variation in the cost-effectiveness of lovastatin therapy depending on age, sex, and risk factors. Therapy was not costeffective in any subgroup of women, and only men with particular combinations of risk factors (eg, overweight smokers with high blood pressure) had costs less than $40 000 per YOLS. By using a model that included the benefits of increasing the HDL-C level, Hamilton et al 57 found that lovastatin therapy was generally cost-effective for low-risk men aged 40 to 60 years and for lowrisk women in their 50s and 60s, with cost-effectiveness ratios of $28 000 to $34,000 and $35 000 to $44 000, respectively (1992-1993 US dollars). For men in their 30s and 60s, as well as women younger than 50 years, lovastatin therapy was less cost-effective, with cost-effectiveness ratios ranging from $54 000 to $120 000. Among high-risk patients, the cost per YOLS for lovastatin therapy among men ranged from $13 000 to $33 000. Hay et al 58 incorporated the indirect benefits of reduced disability days in a model with results that were slightly more favorable to statin therapy. They estimated that, in general, for patients with more than 3 risk factors (including male sex, high blood pressure, smoking habit, diabetes, or left ventricular hypertrophy), treatment with lovastatin cost less than $30 000 per YOLS (1989 dollars).
In a comparison of the costeffectiveness of the statins (excluding atorvastatin, which was not then approved), Martens and Guibert 59 developed a model for primary prevention that included the benefits of increasing HDL-C levels, based on the Canadian Heart Health Study and the Framingham Heart Study. The model showed that in 45-year-old men who smoke and have pretreatment LDL-C levels of 4.50 mmol/L (174 mg/dL), the cost per YOLS relative to no treatment ranged from $32 000 with fluvastatin to $46 000 with pravastatin (1993 US dollars).
Whencomparedwithotherwellaccepted interventions (Figure 2) , results from these studies show that statins are clearly cost-effective for secondary prevention in almost all patients and for primary prevention in certain subgroups at higher risk for CHD. Thus, the real challenge for the future will be to identify methods to increase the cost-effectiveness of lipid lowering, particularly in primary prevention. In this way, we can extend the clinical benefits of these drugs to even more patients at risk.
IMPROVING COST-EFFECTIVENESS OF LIPID-LOWERING THERAPY
Improving the cost-effectiveness of lipid-lowering therapy is predicated on the premise that clinicians can determine the persons at high risk for CHD, target treatment preferentially toward these persons, and use the most cost-effective therapeutic modalities ( Table 5) . Patients at greatest risk for CHD are those who already have signs of ischemic heart disease, such as clinical signs of angina, MI, abnormal cardiac catheterization results, or extracardiac signs of vascular disease (ie, peripheral vascular disease, abdominal atherosclerosis, or carotid disease). Because secondary prevention is more cost-effective than primary prevention, there is consensus about the absolute need for treatment in secondary prevention in major treatment guidelines in the United States 40 and Europe. 60 Primary prevention, on the other hand, is much more controversial, 61, 62 with many guidelines targeting only those with the highest absolute CHD risk or those with the highest levels of LDL-C. The need for drug treatment should clearly depend on many factors, including aggregate costs of treatment, cost-effectiveness, absolute risk for CHD, and efficacy and safety of treatment.
Primary Prevention: Improving CHD Risk Assessment
Because the prospect of treating all patients at risk on the basis of elevated levels of cholesterol or LDL-C alone would be prohibitively expensive, particularly in today's financial climate, which places a premium on cost consciousness, the contributions of weighted cardiovascular risk factors in addition to cholesterol levels should be considered to improve risk assessment. The risk for CHD can be determined more efficiently by the weighting of additional standardized risk factors rather than simply counting individual risk factors as in the NCEP guidelines. 40 Although the NCEP guidelines have been useful for their simplicity and as a policy tool to delineate the levels of LDL-C requiring treatment given the number of CHD risk factors, many investigators have advocated more efficient ways to assess the absolute CHD risk, which often require an improved weighting of traditional CHD risk factors. 63, 64 A method for predicting the Given the multifactorial nature of CHD risk, a clinician can apply these estimated probabilities of CHD risk to many patients in primary care so as to target the patients with the greatest CHD risk more aggressively. Clear suggestions from the Framingham investigators are that not all risk factors are to be equally weighted and that the groups with the highest absolute risks for CHD are the elderly, patients with diabetes, and patients with left ventricular hypertrophy.
Determining Optimal Threshold Levels of Absolute CHD Risk to Target
In primary prevention, is there a level of absolute CHD risk that clinicians and policymakers can agree to target aggressively, which represents "high-risk" primary prevention? In the revised Canadian guidelines, the intensity of treatment is determined by whether a person's 10-year risk is calculated to be more than 40%, 20% to 40%, 10% to 20%, or less than 10%. 69 The Task Force of the Euro- 62 the take-home message is that using such cutoffs limits the number of persons needing to be treated with lipid-lowering therapy to prevent 1 CHD morbid or fatal event. By defining such thresholds for treatment, limited resources can be used more cost-effectively, and public policies for treatment can be explicitly debated and discussed. This discussion needs to occur not only among physicians, but also among patients, managed care organizations, governments, and payers (employers).
Analysis of the primary-prevention WOSCOPS 70 demonstrates that high-risk middle-aged (55-64 years) men had CHD rates higher than 10% for 5 years (2% per year) by having only 1 of the following additional risk factors: minor electrocardiographic abnormalities, preexisting vascular disease, smoking, an HDL-C level less than 1.10 mmol/L (42.5 mg/dL), hypertension, or a family history of premature CHD. Thus, high-risk men can more easily be identified in this population, and costeffectiveness of treatment can be maximized. Changing the target threshold for treatment from 2% per year to 3% per year in the WOSCOPS population would result in a decline of the number needing to be treated to prevent 1 event from 40 persons to approximately 20. 61 In WOSCOPS, as absolute risk increased from 1% per year to 4% per year, the number of patients needing to be treated to prevent 1 coronary event decreased from 66 to 17 persons. 70 This analysis also compared the benefits of treatment in WOSCOPS with those of the secondary-prevention 4S 38 and the Medical Research Council trial of treatment for mild to moderate hypertension (phase V diastolic pressure, 90-109 mm Hg). 71 For men and women aged 35 to 70 years in 4S, the number needing to be treated to prevent 1 probable CHD death or nonfatal MI was only 13. For the prevention of 1 fatal or nonfatal stroke in men aged 45 to 54 years in the Medical Research Council trial, the number needing to be treated was 152, whereas the number of WOSCOPS patients in this age group needing to be treated to prevent 1 CHD death or nonfatal MI was 38. These types of comparisons further demonstrate the concept of targeting persons with the highest absolute risk for CHD as opposed to a given level of cholesterol or blood pressure. In WOSCOPS, the economic implications are clear. If persons in the top 40% of CHD risk were targeted according to the suggested treatment threshold of 2% per year as in the European guidelines, then the number needing to be treated to prevent 1 cardiovascular event would be reduced from 40 to 22, thus greatly improving the costeffectiveness of therapy.
New CHD Risk Factors. By some estimates, only approximately 30% of all cardiovascular events are attributable to "accepted" risk factors, such as elevated LDL-C levels. 72 Additional risk factors must exist, and several putative candidates are lipoprotein(a) (Lp[a] ), fibrinogen, homocysteine, plasminogen activator inhibitor 1, and C-reactive protein. 73 Several epidemiological studies have now looked beyond cholesterol levels and traditional risk factors and have identified novel risk factors that relate to either thrombus formation or atherosclerotic initiation and progression. Among the most extensively studied prospectively are fibrinogen and Lp(a). Increased levels of Lp(a) have been shown to be a strong independent risk factor for MI and stroke in some prospective studies 74 but not in others. 75 A direct and independent association between plasma fibrinogen levels and the risk for MI or stroke has been established in prospective studies in healthy persons 76 and in patients with angina. 77 The plasma level of fibrinogen is associated with risk for ischemic heart disease and severity of atherosclerosis. 78 Fibrinogen or Lp(a) can easily be added to the existing Framingham equations 76 to refine the assessment of CHD risk.
Hyperhomocysteinemia has been established as an independent risk factor for early-onset CHD. 79 Plasminogen activator inhibitor 1 is elevated in the children of men with premature MI, and these elevated plasminogen activator inhibitor 1 levels impair fibrinolytic capacity. 80 Finally, the most recently described risk factor is C-reactive protein, which may act as a marker of "microinflammation," hypothesized to have a role in the initiation and progression of atherosclerosis. In the Physicians' Health Study, this risk factor increased MI and stroke risk almost 3-fold and was independent of lipid and nonlipid risk factors.
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New Diagnostic Technologies. The use of new diagnostic modalities also may improve the detection of CHD. Techniques such as carotid ultrasonography 82 and ultrafast computed tomography 83, 84 have high sensitivity and specificity for detecting CHD. Ultrafast computed tomography, in particular, may be useful in the evaluation of subclinical atherosclerosis in patients without symptoms. The presence of calcifications in the coronary arteries is well correlated with the presence of obstructive coronary disease on angiograms, and ultrafast computed tomography, a relatively noninvasive technique, has high sensitivity in detecting disease (Ͼ90%) and a specificity of 40% to 50%. 85, 86 If these new technologies are further validated in prospective studies, their use in identifying persons at highest CHD risk may increase. However, with their current prices of $400 to $500 per scan, their cost would require substantial reduction to justify their use for CHD screening. The US National Heart, Lung, and Blood Institute's Subclinical Cardiovascular Disease Study should help establish which of the new risk factors and diagnostic tests may be useful in conjunction with traditional risk factors in determining which patients are high risk.
Increasing Treatment Effectiveness
Another way to increase the costeffectiveness of lipid therapy is to enhance the effectiveness of treatment. Enhancing compliance to therapy is pivotal. By the end of the 5-year follow-up in WOSCOPS, more than 30% of patients had dropped out or stopped taking their medication. 87 Patients who complied with the regimen showed greater declines in CHD, all-cause mortality, and revascularization procedures. Improved outcomes with compliance with the medication regimen have been documented in other cardiovascular interventions. 88 The issue of compliance with drug therapy and methods to improve compliance in lipid therapy have been reviewed. 89 In addition, new multidisciplinary efforts to improve compliance will be required to address not only the patient, but also the physician, the allied health care providers, and the health care organization. 90 The integrity of the physician-patient alliance will still be an integral factor in maximizing compliance by the patient with the medication regimen.
Finally, another method to improve cost-effectiveness is the use of agents that improve constituents of the lipid profile in addition to the LDL-C level. For instance, niacin exerts a favorable influence on the entire lipid profile, including elevating the HDL-C level and decreasing the Lp(a) and dense low-density lipoprotein levels. It has been postulated that increasing the HDL-C level will not only increase cost-effectiveness, but also reduce CHD morbidity and mortality. 57 On the other hand, niacin can introduce hidden costs because its use may be associated with undesirable cutaneous and gastrointestinal effects that may jeopardize compliance. However, the flushing and rash typical of niacin treatment may be attenuated with the prophylactic use of low-dose aspirin.
Another relatively inexpensive therapy is estrogen, 91, 92 which is the only recognized exogenous agent available in the United States apart from niacin that reduces Lp(a) level. Favorable effects of estrogen on HDL-C and LDL-C levels, as well as on fibrinogen level, no doubt contribute to the cardioprotection exhibited by premenopausal women and postmenopausal women receiving exogenous estrogen. For moderate-risk postmenopausal women, estrogen replacement therapy may represent an alternative to moreexpensive statin therapy.
Reducing Cost of Pharmacological Therapy
For CHD risk reduction and lipidlowering treatments, the effect of nonpharmacological modalities must be maximized. In particular, smoking cessation counseling is highly cost-effective, costing approximately $200 per YOLS 51 -essentially 2 orders of magnitude lower than lipid-lowering regimens or agents directed toward improved blood pressure management. A program of moderate aerobic exercise on the order of 50% to 75% VO 2max can improve control of hypertension and dyslipidemia and elevate the HDL-C level. In addition, an earnest attempt to curtail the dietary intake of cholesterol, fat, and saturated fat should be undertaken before resorting to lipidlowering agents, and such agents should be used in addition to-not instead of-dietary measures.
In contrast to what level of CHD risk to target, consensus exists that, when possible, treatment with less-expensive regimensincluding low-dosage combinations-should be undertaken. Most cost-effectiveness analyses of the statins support the premise that drug acquisition costs account for the majority of the changes in the costeffectiveness ratios. 93 In a sensitivity analysis reported by Goldman's group, 53 if the cost of lovastatin were reduced by 40% as the result of a generic formulation, the cost per YOLS would decrease by 30%, and primary prevention with statins would be even more cost-effective. In addition, in a more recent analysis by Hamilton and coworkers 57 that incorporated changes in both LDL-C and HDL-C levels in the model, a 10% variation in the drug cost of lovastatin was associated with changes of 8% to 9% in the cost per YOLS. Thus, most cost-effectiveness analyses point out the importance of acquisition costs as the major or dominant determinant of the costeffectiveness of the statins.
The entry dosage of all the existing statins clearly provides the moderate (20%-30%) reductions in the LDL-C level needed by most patients to reach their NCEP goal (Table 1) . Data from NHANES III support the notion that the majority of patients with LDL-C levels of more than 3.36 mmol/L (130 mg/ dL) can reach NCEP target goals with reductions of the LDL-C level of less than 30%. 4 In addition to the NHANES III data, clinical trial evidence in both primary prevention (WOSCOPS) and secondary prevention (CARE, LIPID) also suggests that moderate reductions of the LDL-C level in the range of 25% to 28% can result in substantial clinical event reductions, even without the majority of patients reaching NCEP target goals. Although not an a priori hypothesis of the aforementioned trials, the degree of reduction of the LDL-C level beyond 30% was not correlated with any more incremental risk reduction. 94, 95 Thus, all the available statins at their entry dosages seem likely to enable most patients to reach their NCEP goal and to result in clinical CHD risk reduction.
Because the clinical profiles of all the available statins are generally equivalent in terms of efficacy and safety at their entry-level dosages, other factors, such as cost, must be considered when comparing therapy with each of these agents. Cost is especially important with the statins because many patients will need lifelong therapy. One way to study the issue of cost in cost-effectiveness analysis is to compare the average wholesale price of these agents, which is a nationally published figure. Based on the average wholesale prices, the 30-day average cost for statin therapy ranges from about $38 for fluvastatin to about $70 for lovastatin 96 ; the monthly cost of the least-expensive statin is about half that of the most-expensive statin. Another approach is to consider the prices that are given to a particular health care organization or managed care organization by various pharmaceutical companies, because these may differ from the average wholesale price.
These cost comparisons are even more striking if drug costs are annualized, indexed according to effectiveness, and expressed as an intermediate end point such as cost per 1% reduction in the LDL-C level. On the basis of this intermediate outcome, fluvastatin and atorvastatin are substantially more cost-effective than lovastatin, pravastatin, or simvastatin: $18 to $19 per 1% reduction in the LDL-C level compared with about $27 to $35 per 1% reduction for the other statins. 97 Clearly, for the moderate (20%-30%) reductions of the LDL-C level typically needed by patients with primary hypercholesterolemia, the statin with the lowest acquisition costs (ie, fluvastatin) seems to be the most costeffective option, given the current price structure (Figure 3) . For more-pronounced lowering of the LDL-C level (35%-50%), a higher potency statin, such as atorvastatin, is the most cost-effective alternative. The most cost-effective agents for a given level of LDL-C reduction required are shown in Figure 3 . Each health plan can substitute its own prices to determine for itself and its members the most costeffective agents to use in its formulary, based on its existing price structure and rebates. Several algorithms have been published summarizing the most cost-effective management of hypercholesterolemia in managed care organizations when using a wholesale average pricing structure. 93, 97 Such cost comparisons gain a further dimension when the effect of dose titration on the cost of therapy is assessed (Figure 4) . Although the majority of primary-prevention patients achieve target LDL-C levels at the recommended initial dosage of a statin, a small proportion need a higher dosage. At higher dosages of the statins, the cost-effectiveness generally declines, because doubling the dosage of a statin usually adds only 6% more reduction in the level of LDL-C (Table 1) , but it increases the costs almost 2-fold (Figure 4) . Although greater efficacy is achieved at higher dosages with all the statins, the costs of higher- dosage statins are greater when indexed to a 1% reduction in the LDL-C level. To contain the cost of statin therapy for hypercholesterolemic patients in managed care, clinicians may consider using a treatment algorithm based on costeffectiveness principles. In patients who need a reduction in the LDL-C level of 30% or less, therapy should be initiated with the least-expensive statin. In patients who need a reduction in the LDL-C level of more than 30%, monotherapy with a higher-potency statin such as atorvastatin (or simvastatin) or the combination of a statin with a resin or niacin should be considered. In terms of cost-effectiveness, the use of generic niacin, 98 because of its low acquisition cost, is probably the most cost-effective hypolipidemic agent. However, compliance with the medication regimen and tolerability have always plagued acceptance of this agent by patients and physicians, so the lowerpriced statins may be preferable. In addition, low-dosage combinations of a statin with less-expensive agents, such as niacin or a bile acid resin, may prove more effective than "pushing the dose" of a given statin, which tends to result in less additional clinical benefit (ie, reduction of the LDL-C level). In 96 patients with moderate elevations of LDL-C, a regimen of low-dosage colestipol hydrochloride (10 g/d) , together with low-dosage (entrylevel) lovastatin (20 mg/d), decreased the LDL-C level by 48%, a significantly (PՅ.001) greater reduction than the 38% decrease produced by doubling the statin dosage to 40 mg/d. 99 In this study, low-dosage combinations proved to be more than 25% more cost-effective than higher-dosage statin monotherapy. With the advent of the newer synthetic statins, or when patents expire for the existing drugs, substantial decreases in acquisition costs could result in greater costeffectiveness and the possibility of treating more patients at risk.
CONCLUSIONS
The clinical trial evidence from the recent randomized controlled trials clearly supports the lipid hypothesis. It is clear that in diverse populations, such as those with or without CHD and those with elevated or "average" levels of cholesterol, large reductions in CHD events are possible, ranging from 25% to 35%. The available data in the most recent trials suggest that this degree of risk reduction is possible for the majority of patients with statin therapy even with only modest reductions in the LDL-C level (ie, 25-30%) and that statins as a group act by class effect. Future research should be directed toward developing not only strategies that provide greater event reduction, but also additional ways to maximize the costeffectiveness of presently indicated therapy. These issues take on a growing urgency because of the current large gap in treatment of persons with existing CHD or at risk for CHD, with estimates that only 25% to 30% of persons needing therapy actually receive it. 100 This degree of undertreatment persists despite several recent joint position statements by the American Heart Association and the American College of Cardiology on the urgency of treatment. 101 In addition to the current treatment gap for dyslipidemia in secondary and primary prevention, recent clinical trials, such as AFCAPS/ TexCAPS, 37 demonstrate new evidence that a low-risk population with "average" cholesterol levels and no known CHD at baseline also can receive benefit in CHD event reduction. TheresultsofAFCAPS/TexCAPSmay expand the number of patients who benefit from treatment from the 12.7 million Americans estimated in NHANES III 4 on the basis of the NCEP guidelines by a possible 6 to 8 million additional people. 37 With the large growth in patients requiringtreatment,moreresearchandtools in cost-effectiveness research will be needed. To extend the benefits of statins to the widest population, answers to the following questions will be crucial: (1) How can we maximize cost-effectiveness in primary prevention through better CHD risk stratification or better determinants of subclinical atherosclerotic disease? (2) Will additional reductions in the LDL-C level beyond the 25% to 30% seen with the initial dosages of the statins result in additional risk reduction or, as with most therapies, result in less additional clinical benefit with higher costs? (3) At what level of absolute CHD risk in primary prevention is it no longer cost-effective (ie, Ͼ$40 000/YOLS) to intervene, given competing uses for health care resources? (4) Can innovative methods be implemented in health care systems or managed care organizations to improve screening, treatment, and compliance with the medication regimen to provide preventive services more effectively? Thus, the challenges of the future will be not only to improve our definitions of the optimal levels of CHD risk and LDL-C levels to target, but also to develop and utilize the newly evolving science of costeffectiveness, particularly as it relates to maximizing the benefits of lipidlowering treatment in the prevention of CHD.
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